A method is described for the determination of 251 pesticide and degradation product residues in fruit and vegetable samples. Extraction of the sample with acetonitrile is followed by a saltingout step. Co-extractives are removed by passing a portion of the acetonitrile extract through an octadecyl (C 18 ) solid-phase extraction cleanup cartridge and then, in a second cleanup, through a carbon cartridge coupled to an amino propyl cartridge. Determination is by gas chromatography with mass-selective detection in the selected-ion monitoring mode, and by liquid chromatography with post-column reaction and fluorescence detection for N-methyl carbamates. The method has been used for analysis of various fruits and vegetables, such as apple, banana, cabbage, carrot, cucumber, lettuce, orange, pear, pepper, and pineapple. Limits of detection range between 0.02 and 1.0 mg/kg for most compounds. Over 80% of the compounds have a limit of detection of ≤0.04 mg/kg.
R egulatory agencies involved in the monitoring of pesticide residues in foods require fast and efficient multiresidue methods with a broad scope of application in order to maximize the coverage of their monitoring activities. This method was developed in support of the Agriculture and Agri-Food Canada (now Canadian Food Inspection Agency) pesticide residue monitoring program. The results of this program have been published elsewhere (1) . This paper describes a much improved version of a previously published method (2) . The cleanup has been modified, a new internal standard has been added, and the scope of the method has been increased to cover a larger number of pesticides. This multiresidue method is suitable for the determination of 239 pesticides and degradation products in fruits and vegetables by gas chromatography/mass-selective detection (GC/MSD), and 12 N-methyl carbamate insecticides by liquid chromatography (LC) with fluorescence detection, for a total of 251 compounds.
The method uses acetonitrile for extraction, which is followed by a salting-out step (3) . In this particular method, salting out results in phase separation. A first cleanup is performed by passing a portion of the acetonitrile phase through an octadecyl (C 18 ) (4) solid-phase extraction (SPE) tube for removal of nonpolar co-extractives. An aliquot of the extract is concentrated for the second cleanup on a carbon SPE tube coupled to an amino propyl cartridge with acetonitrile− toluene (3 + 1, v/v) as the elution solvent (2, 5) . The sensitivity of the method is appropriate for monitoring pesticide residues in foods. The method is ideal for analysis of the large number of samples received in a regulatory laboratory. (m) Intermediate solutions.-Mixed-compounds intermediate solutions are prepared from the stock solutions at concentrations ranging from 50 to 200 ng/µL.
METHOD

Reagents
(n) Spiking solutions.-Intermediate solutions are combined to yield 2 spiking solutions, each containing approximately 120 pesticides at concentrations of 10-50 ng/µL, according to their respective sensitivities. Carbamates are included in separate spiking solutions.
( 
Extraction
Prepare edible portion of sample as described in Section 4 of Analytical Methods for Pesticide Residues in Food (6) . To spike quality control sample at 0.2 mg/kg, add 1.0 mL spiking solution (10 ng/µL for most compounds) to 50 g known blank, and let stand for 15 min before extraction. Homogenize 50 g chopped sample with 100 mL acetonitrile, using Omni-Mixer at half speed for 5 min. Add 10 g sodium chloride, and homogenize for another 5 min.
Cleanup
Precondition C 18 SPE tube with acetonitrile. Further condition tube by loading ca 2 mL acetonitrile extract (top layer) into C 18 tube, elute, and discard. Load ca 15 mL acetonitrile layer onto C 18 cartridge, and elute by gravity into 15 mL centrifuge tube. Stop collecting eluate when volume in collection tube reaches 13 mL. Add sodium sulfate to bring liquid to 15 mL. Cap tube and shake well. Centrifuge at high speed for 5 min. Transfer 10 mL aliquot (equivalent to 5 g sample) to second 15 mL centrifuge tube. Evaporate extract to 0.5 mL under nitrogen. Attach amino propyl cartridge to bottom of carbon SPE tube, and precondition tubes with acetonitrile− toluene (3 + 1). Quantitatively transfer extract to carbon cartridge by rinsing with acetonitrile−toluene (3 + 1), and elute with 20 mL acetonitrile−toluene (3 + 1). Evaporate eluate to low volume with rotary evaporator. Add two 10 mL portions of acetone, and evaporate to low volume with rotary evaporator after each addition to make solvent exchange to acetone. Quantitatively transfer extract to 15 mL graduated centrifuge tube, and evaporate to <2.5 mL under nitrogen. Add 50 µL internal standard (1.0 ng/µL, final concentration of aldrin), and dilute extract to 2.5 mL with acetone. Transfer 0.5 mL to vial for GC/MSD analysis. The concentration of the sample represented by the extract is 2 g/mL. Prepare standards in blank matrix of commodity being analyzed by adding 10 µL internal standard (aldrin, 50 ng/µL) and 20 µL spiking solution (10 ng/µL for most compounds) to 500 µL blank extract, to produce a final concentration of 1.0 ng/µL for aldrin and 0.4 ng/µL for most compounds. The remaining 2 mL extract is used for carbamate analysis after solvent exchange to 0.8 mL pH 3 water and addition of 20 µL carbamate internal standard (1.0 ng/µL, final concentration of isoprocarb).
Determination
Sample extracts are injected into the GC/MSD system under the following conditions: splitless injection mode; injection volume, 2 µL; injector temperature, 250°C; detector temperature, 285°C; and carrier gas, helium. The gas chromatograph is operated in constant flow mode (electronic pressure control) at 0.9 mL/min. GC temperature program: hold 2.0 min at 70°C, 70°to 130°C at 25°C/min, 130°to 220°C at 2°C/min, 220°to 280°C at 10°C/min, hold 6.6 min at 280°C. A 30 cm length of column of the same type as the analytical column is used as a retention gap.
Two injections are required to analyze for all pesticides. Compounds are identified according to their retention times and ion ratios. Table 1 lists the compounds along with their retention times, the acquisition method used in analysis (labeled as FV-1 or FV-2), the target and qualifier ions, as well as the abundance ratios of qualifier ions to target ion. The target ion is used for quantitation. Quantitation is based on a standard prepared in blank matrix extract, in order to compensate for the matrix effect (2, 7, 8) and to obtain a more accurate quantitation. The concentrations of standard and spike are the same, routinely 0.2 mg/kg (0.5 or 1.0 mg/kg for a few compounds). The analytical procedure used for carbamate analysis has been reported previously (9) . An internal standard is used (isoprocarb), and 2 new compounds have been added (methiocarb sulfone and methiocarb sulfoxide).
Quality Control
Our laboratory is ISO-25 accredited under the Standards Council of Canada Laboratory Accreditation Program for Pesticide Residues, which requires strict quality control procedures and participation in a regular check-samples program for pesticide residues.
Routine analyses are performed in sets consisting of 10 samples, 1 spike, and 1 blank (also used to prepare a standard in matrix). Two spiking solutions include all compounds determined by the 2 GC/MSD methods, and 2 spiking solutions include the 12 N-methyl carbamates determined by LC. Each spiking solution is added alternately to consecutive sets of the same commodity, so that recovery data for all compounds can be monitored on an on-going basis. The routine spiking level is 0.2−1.0 mg/kg.
Results and Discussion
The recoveries used to generate the limits of detection (LODs) of the method were obtained by spiking 3 or more different crops at 0.1−1.0 mg/kg, depending on the sensitivity of the compound. Recoveries of 90% of the pesticides were between 70 and 120%; the method is considered a screening procedure for the few compounds giving recoveries of Յ50% (mirex, EPTC, butylate, hexachlorobenzene, folpet, oxycarboxin, and chlorthiamid). Because of their low recoveries, folpet and oxycarboxin were not included in the total number of compounds, although their ions were monitored.
The LOD is defined as 3 times the standard deviation of a minimum of 7 replicate analyses of samples fortified at 2-3 times the estimated LOD. The LODs for most compounds range between 0.02 and 1.0 mg/kg, with 80% of the compounds having LODs of Յ0.04 mg/kg. Recovery data for all compounds, as well as LODs, are shown in Table 2 .
The previous procedure (2) included a cleanup on charcoal:Celite minicolumns. Replacing these columns with the Envi-Carb SPE tubes allowed better recoveries for chlorothalonil, dicloran, diphenylamine, hexachlorobenzene, and propanil. However, because the cleanup on Envi-Carb alone was not sufficient, the carbon tube was coupled with an amino propyl cartridge and a C 18 cleanup was added. The addition of the C 18 and amino propyl cleanup did not compromise recoveries for most of the compounds. Two exceptions are mirex and folpet. Recoveries for mirex were higher (ca 100%) without the C 18 cleanup, and folpet gave good recoveries (ca 90%) when the amino propyl cartridge was not used in the cleanup. Acephate gave acceptable recoveries with the amino propyl cartridge from the listed supplier; however, amino propyl tubes from other suppliers were found to give 0% recovery of acephate.
All compounds elute from the carbon/amino propyl cartridges with only 5 mL acetonitrile−toluene (3 + 1), except for the following: acephate (20-25 mL), bromophos-ethyl (10 mL), captan (10 mL), chlorthiophos (10 mL), coumaphos (15 mL), dichlofluanid (10 mL), hexachlorobenzene (20-25 mL), iodofenphos (10 mL), leptophos (15 mL), pyrazophos (15 mL), quintozene (10 mL), simetryn (10 mL), tetrasul (10 mL), and tolylfluanid (15 mL). It is possible to take advantage of these differences to adapt the method to analysis for specific target compounds.
In the process of expanding the scope of this method, other compounds were tested, but they were not added to the method for various reasons. Benzoximate gave 4 peaks; chloroxuron, metoxuron, and oxydemeton-methyl gave 3 peaks of degradation products; fluazinam and fluvalinate showed many degradation peaks as well as poor sensitivity; dichlone showed poor sensitivity; ditalimfos was not recovered through the method; and vamidothion (in solution) degraded over time.
With the high number of compounds being monitored, data analysis was automated to let the analyst examine the large volume of data in the most efficient manner. Because recovery data and positive sample results are calculated automatically by the custom report software (using Microsoft Excel), verification of results is simplified for the analyst. Extracted ion chromatograms of each compound monitored during a run are printed in a format set up by the analyst (typically 12 compounds per page) via a macro. Evaluation of the data still requires analyst scrutiny.
Typically, a technician can prepare 42 samples (including blanks and spikes) for analysis each week (37.5 h/week). Analysis of rush samples can be completed within 1 day.
Conclusions
This method shows good sensitivity and recoveries and allows for rapid sample analysis. It requires only small volumes of solvent per sample and does not use any chlorinated solvents. It covers a wide range of pesticides, is applicable to various fruits and vegetables, and is ideally suited for use in a regulatory laboratory. 
